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I. INTRODUCTION

GENERAL STATEMENT ABOUT THE NATIONAL APTITUDE SURVEY

The purpose -yr this battery of tests, entitled the National Aptitude Survey,

is to identify future automotive repairmen. It provides the basis for a pre-

diction as to how likely it is that a male student in the ninth or tenth grade

of a public high school, who has attained a particular score, will enter the

field of automotive repairmen within three years after graduation. Those stu-

dents identified as being the likeliest future automotive repairmen, conse-

quently, could benefit the most from school courses oriented to such a career.

A boy's chances of being an automotive repairman is determined by comparison

of his obtained score for the appropriate tests with a normative distribution

of scores obtained from nearly all the participants in the study. The pre-

diction of a boy's chances takes the form of a likelihood estimate which indi-

cates the increase in accuracy to be gained from knowing a test score in con-

trast to not knowing it.

The National Aptitude incorporates three important aims: specificity

in its orientation to a particular field; representativeness in its normative

group; and longitude in its predictions. It is specific in that it is intended

to predict entrance and success in the occupation of automotive repairman;

representative in that its normative population of ninth-grade males represents

the general ninth grade students for whom the Survey is designed; and longi-

tudinal in that test performance at the ninth and tenth grade levels serves to

predict for each student the probabilities of successful performance as a me-

chanic several years after testing. These features should make this instrument

especially useful to guidance counselors in their counseling of students at

these same levels of schooling.

THE NEED FOR THE NATIONAL APTITUDE SURVEY

As the products of a technological society increase in number and attrac-

tiveness, concurrently there develops a need for a group of individuals skill-

ful enough to service them. One ever-present danger has been a widening dis-

crepancy between dispersion of a product and its maintenance. Consumer satis-

faction with a purchase influences his attitudes toward newer developments in

the same product.

In the automotive field, as in other areas, the quality and number of

individuals who become automotive repairmen exert a strong influence on the

customer's attitudes toward performance of the product. For some time, the

percentage of qualified individuals entering the trade o7 repairman has not been

sufficient to satisfy the demand. Changes in occupation, subsequent to their
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employment, have further intensified the need. Yet, large numbers of un-

skilled youth are entering the available work force. That there exists a need

for skillful automotive repairmen may be largely unknown or uninteresting to

them at this stage of their career.

After high school, the range of occupational opportunities does permit a

short period of trial-and-error choices, but at the expense of possible income

and available time. Testing and counseling at this time under the direction

of agencies within society may alleviate the situation somewhat by restricting

the range of suitable and possible alternatives. Nevertheless) one could argue

that counselors in high school could have guided those youth who showed an apti-

tude for automotive repair into courses which would have provided training

prior to entry into the trade.

The University of Michigan was approached by Andrew Althouse, a represen-

tative of the AI-VE Conference (Automotive Industry-Vocational Education Con-

ference) to consider the possibility of conducting research in the selection of

auto mechanics. A proposal was prepared and submitted to the Service Manager's

Committee of the Automobile Manufacturers' Association) and in September 1957

a grant of $140)000 was made by that association to The University.

At the time of the conceptualization of the National Aptitude Survey,

there was no known instrument in existence designed specifically to predict

success in the trade of automotive repairman which did not possess intrinsic

limitations. A survey of the available instruments revealed features in their

validation which militated against their use. Indications of low utility to

the study were such features as lack of independent cross-validation) validation

based upon individuals already employed, the limited size of the validational

samples) limitations of the population to workers in a single plant or company,

inflated correlation coefficients, and lack of published literature that eval-

uated the tests adequately. The National Aptitude Survey incorporeed into its

design features intended to circumvent the difficulties that plague other tests.

These included:

a. validation based on a sample of participants who became automotive

repairmen several years after the testing;

b. utilization of validational devices that would minimize error;

c. cross-validation upon a random subsample of the test participants.

The psychological assumption that underlies the National Aptitude Survey

is that it is possible to specify some predictors of success in the career

field of automotive repairmen. The identification of possible factors which

could contribute to an aptitude in this career field was the focus of the ini-

tial efforts in developing the test battery. The subsequent pilot investigation

encompassed a survey of related research and the ccmpilation of detailed "job

analyses."
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An analysis* of the records made available by the Connecticut vocational

schools provided information about the predictive power of some of the factors

considered relevent. Knowledge of the Abstract Reasoning scores obtained through

administration of the Differential Aptitude Tests improved prediction of both

Auto Theory grade and overall grades in technical training by 29% and 23% re-

spectively (N = 22) over no such knowledge at all. This same set of scores,

however, was not predictive of occupation after graduation (N = 18). Number

of children in the family proved useful in predicting entrance into the field

f automotive mechanics) an improvement of 24% over ignorance of such infor-

_ation.

A more direct source of information was an intensive series of job analy-

ses by the first of the co-authors (63). These analyses, combined with a thor-

ough review of the literature, provided a list of factors of abilities (such as

intelligence, space perception, and reasoning), factors of past learning (pre-

vious job experience and type and length of training), personality factors

(temperament, emotional stability, rigidity, and patience), as well as factors

of interest (hobbies) values, and goals) and of a biographical nature (resi-

dence, number of children in the family, occupation of parents), all of which

are related to entrance and success in the automotive field.

Perceptive individuals have long recognized the need for specific aptitude

tests in place of, or as a supplement to, tests of general mental ability. In

the last three decades, a number of such tests have appeared, and the National

Aptitude Survey represents a contribution to this trend.

The definition of aptitude utilized by the Differential Aptitude Tests

(9, p.2) reflects accurately the thinking which guided construction of the pres-

ent battery:

Aptitude: A condition or set of charactListics regarded as

symptomatic of an individual's ability to acquire with train-

ing (usually specified) some knowledge, skill, or set of re-

sponses, such as the ability to speak a language, to produce

music . .

The National Aptitude Survey avoids the assumption that the special apti-

tude sought is an innate characteristic of the individual acquired through

heredity. Inheritance may limit the potentialities of the individual, but

within limitations a wide variety of learnings is possible. The Survey dem-

onstrates that the individual performs in a certain way which is related to

the behavior of automotive repairmen in a work situation. The demonstration

of this relationship involves a comparison between the behavior shown by this

*"Analysis of Existing School Records from Vocational Schools," "'he University

of Michigan--Automobile Manufacturers Association Research Project, 1960

(unpublished study).
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same individual who has become a repairman, and the behaviors he displayed in

the test situation several years earlier. The term, "behavior," in this con-

text represents an interaction of his heredity and environment, the result

not only of his potential, but also of his learning. His intelligence, achieve-

ment, personality interests, and skills, as well as the nature and quality oP

the opportunities inherent in his environment, all contribute to the measured

behavior. The expectancy of success, derived from valid predictors, obviates

the need to specify as either innate or acquired the origin of any character-

istic.

THE ADVANTAGES OF THE NATIONAL APTITUDE SURVEY

The possibility that more tian one factor of ability contributed to success

as an automotive repairman suggested. that a combination of certain tests would

be the best predictor. Each test would have to make its unique contribution,

and failure to do so would result in its elimination.

Whenever there has existed a need for a combination of tests to measure

an aptitude, one practice has been to assemble several worthwhile, but unique,

tests to measure it. The very urgency of the need frequently has led to tolera-

tion of what is basically a questionable practice. Each such test presumably

underwent its own independent development and the subsequent linkage of dis-

parate tests has usually left unanswered the question as to the nature of the

new relationships between them. A gratuitous assumption of equivalence of

population and purposes should not be considered merely incidental to the in-

terpretation of results. The development of the National Aptitude Survey

proceeded with one population and purpose in mind, at almost the same period

of time; the interpretation of the relationships between its tests requires

no assumption of equivalence for the following reasons:

a. The fact that all subtests were standardized at the ninth- and tenth-

grade levels, the levels at which it is to be used, should eliminate

the difficulties that arise from using a combination of tests stan-

dardized on population other than the desired one;

b, Whereas a use other than the intended one may result in differences

in matters such as format, administrative procedures, the use of

answer sheets, and time limits other than those originally specified,

the National Aptitude .irvLey tests avoid these liabilities due to the

care and industry that in each instance attended their experimental

determination on a specified population.

THE DEVELOPMENT OF THE NATIONAL APTITUDE SURVEY

The final form of the battery is the result of an effort to subject each

item to pretesting, statistical analysis and revision. The testing occurred

6



in three phases: pretesting (ninth-grade students in the Ann Arbor Schools);

local testing (schools in the vicinity of Ann Arbor); and area testing (schools

in southeastern Michigan and a northern section of Ohio). By the termination

of this segment of the development phase the research team had eliminated several

tests for reasons such as lack of reliability and/or lack of unique measurement)

and had revised the length of others.

Two criteria guided the decisions to include an item in a particular test:

a. There had to be a high biserial correlation coefficient between an

item's score and the total score on the test. The biserial correla-

tion coefficients served as a m,asure of the internal consistency

of the test.

b. Each item had to have a difficulty index which ranged from .15 to

.85. A value on this index referred to the percentage of individuals

that passed the item out of all who attempted it. The items in each

test were representative of the entire span of allowable difficulties.

THE SAMPLE

Organization Of The Sairfle

The drawing of the sample followed the two requirements of a normative

sample: it was large and representative. The sample size sought was 10,000,

or one out of every 130 male students estimated from official publications to

have been enrolled in ninth grades nationally, at the time prior to the national

testing. The sample design specified a stratified) multi-stage cluster sample

with probability proportional to size.

One feature of the sampling procedure was the use of a "measure of size."

The design required that every pertinent school in the population of eligible

schools located throughout the continental United States had a chance of being

represented. There were 1548 schools in the 66 sampling Strata) denoted by

the 66 Primary Sampling Units (PSU). The unit for the "measure of size" was

25, Schools with a 25±-12 ninth-grade students received a "measure of size" 1;

those with 50 ± 12, a size of 2; those with 75 ± 12, a size of 3, until all

the schools had some numerical equivalent of size.

Another feature was a recombina tion) for administrative reasons) of all

sampling units into clusters of fifty students. Schools with the "measure of

size" 1 were combined with other similar schools to form a school of size 2;

if selected, all the ninth-grade boys in these schools would take the tests.

For schools with a "measure of size" greater than 2, a "systematic" subselec-

tion was obtained. The formula for this procedure was 2/Si; in which Si e-

qualled the measure of the size of the ith school. Thus in a school of size

7



12, (N of ninth graders = 300 ± 12) the subselection ratio was 2/12 = 1/6-- or

one out of every six boys. By means of alphabetical lists of all ninth grade

boys in the school it was possible to select those to be tested. Within the

first six names at the top of the list the research staff selected a starting

number at random, then by means of a constant interval of six chose the re-

maining names. A school of size 12 would yield a group of approximately 50

pupils for testing (1/6 of 300 ± 12 boys). The actual size of the group,

however, depended on the accuracy of the estimate of the school, and on the

proximity of the actual ninth-grade male enrollment to the midpoint of the

class interval of "measure of size." Of two schools with the same "measure

of size," e.g., 12, one could have yielded 48 boys (N=288), the other 52 (N=312).

Selection Of The Sample

The actual selection of the desired sample occurred during the summer of

1960. The resulting sample contained 236 schools out of a possible 1548, with

189 clusters of fifty boys out of a possible 4012 in the 66 P.S.U, Eighty-four

of the 236 schools originally had a "measure of size" of less than 2; the re-

mainder ranged from 2 to 32, with a median at 5.

Results Of The Selection And Subsequent Testing

Testing in the schools began in the Spring of 1961 and ended in the Fall

of the same year. Out of 236 schools selected) 174 (74%) participated in the

testing; the remainder did not find it convenient to take part in the program.

The tested sample corresponds very closely to the one selected in terms of

the "measure of size" of the schools. There are no over-representations of cer-

tain size of schools or under-representations of others; the median represen-

tation of each level is 73% -- that is) on the average about 73% of each size

of a selected school is represented in the tested sample.

The Entire Sample And The Validation Sample

For the general male population, the rate of entry into the trade of auto-

motive repairman is estimated to be about 2% yearly. It would require the

selection of a sample size of nearly 10,000 to obtain a validational group of

200 cases. The establishment and determination of norms, regression equations,

and expectancy tables maee such a sample size imperative. The deficiency in

numbers, which resulted from the less than total participation, obligated the

research staff to augment the number of students tested, if an adequate sample

of automotive repairmen was to be obtained. A second sample of 8o4 tenth

grade boys in 12 Michigan and 9 Connecticut trade schools also took the tests.

The percentage of students from such schools who enter the trade of automotive
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repairman is considered to be higher than the 2% from the general population.

This group is known as the Non-Probability Sample of Tenth-Grade Boys.

Longitudinal Aspects Of The Sample

During the year that followed each administration of the test battery, the

Project staff began a procedure designed to maintain contact with every indivi-

dual who had participated. Every year, at intervals of approximately fourteen

months, each tested student, now known as a participant, received a questionnaire

designed to elicit information about his school. He usually gave his present

status, and any changes of address. After graduation, another questionnaire

requested his work history. Those who became automotive repairmen became the

validation sample. Information about the validation sample appears in the

validation section(Section 1/1). There were three follow-up questionnaires in

all.

By January, 1967, more than three years after the end of the First Follow-

up, the rate of failure to maintain contact had increased (Table 1). The divi-

sion of the table according to kind of sample obscures the fact that the time

of the contacts was different. Each follow-up usually lasted more than four-

teen months; the Survey staff would first attempt to contact the non-proba-

bility and a greater part of the probability sample. Mailings to the re-

mainder of the probability sample followed seven to eight months later.* Yet

the percentages of returns or nonreturns for either sample are similar.

*This procedure reflects the order of testing. One hundred seven schools,

including the majority of those in the probability sample and the entire non-

probability sample administered the tests in Spring,1961. The remaining

schools in the probabiljty sample held testing sessions in Fall, 1961. The

earlier schools would have graduated their students in Spring, 1964, three

years after the test; the later group would have been graduated in Spring,1965.

At the time of the validational study each participant could have had at

least two, and possibly three, years of experience as a mechanic after

graduation.
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II. THE TESTS AND THE PROBLEM

THE TESTS OF THE NATIONAL APTITUDE SURVEY

The National Aptitude Survey is a battery of six paer-and-pencil tests

and a Biographical Information Blank designed for use at the junior-senior high

school level. They are the following each described briefly.*

Reasoning Test

Except for the simple directions, this is a nonverbal test designed to be

a measure of abstract nonverbal reasoning which is so eminently present espe-

cially in some technical vocations which determine inductively the logical

relationship of underlying causes and observable abnormal symptoms of machines

and equipment. It is, of course--and it has normally been (41)--an aspect of

intelligence especially appropriate for those individuals who are considered to

be culturally handicapped in language development.

The subject, in this test, is asked first to identify the concept common

to two problem-figures and then select, from among'four alternatives, the

answer-figure that shares the same concept. A sample item follows.

PROBLEM BOXES ANSWER BOXES

El

i
A
+41*

B C D

The test has a total of thirty items, and it takes twenty-three minutes

to administer.

*The tests are not yet commercially available. Single copies, however, may

be obtained upon request from the Project Director, The University of Michigan- -

Automobile Manufacturers Association, School of Education, Ann Arbor, Michigan.

**Correct alternatives in sample items are indicated by plus signs.
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General Vocabulary Test

Since vocabulary has traditionally played a prominent part in intelligence

tests from the beginning of the mental testing movement (41, 66), and has been

shown to correlate highly with overall measures of intelligence (98), this test

was designed to be a measure of general verbal intelligence. Vocabulary tests

of this type have been found to correlate with total measures of general in-

telligence as closely as do two different tests of general intelligence. (20,

41, 94, 98)

The subject, in this t(- , is asked to identify from among five alterna-

tives, the vocabulary term that best fits the given definition. Two sample

items follow.

The outside covering of a tree:

(1) root (2) cambium (3) blanket (4) bark+ (5) chlorophyl

A person temporarily residing in a place:

(1) transient+ (2) emigrant (3) settler (4) citizen (5) imigrant

Automotive Vocabulary Test

Discussing the Information Test of Project Talent, Dailey and Shaycoft

state:

It is hypothesized that the extent to which a person is interested

in a specific area may be deduced from the shape of his profile as

expressed by test results, and particularly from the relation

between his level of information in the area in question and his

level of information in other areas. This hypothesis is based

on the premise that the individual will tend to know most in the

areas where his interest is greatest* (20, p. 10).

This test was designed to be a measure of amount of knowledge of auto-

motive terms, and indirectly, a measure of interest and experience in the auto-

motive field. It is expected that students who score high on this test will

tend to have high interest in this field and do well in training in automo-

tive courses.

The structure of this test is identical with that of the General Vocabu-

lary. The subject is asked to iden'Afy, from among five alternatives, the

*Ehphasis is first author's.
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technical term that best fits the given definition. A sample item follows.

The pin that attaches the piston to the connecting rod:

(1) wrist+ (2) cotter (3) drift (4) clevis (5) crank

The two vocabulary tests are combined in a single booklet, under one set

of directions with the items alternating from general (odd) to automotive (even)

vocabulary. There are sixty items in the entire booklet, thirty per each test,

which takes twenty-three minutes to administer. The two tests were combined

in one booklet under the assumption that the alternation of item content will

reduce fatigue on the part of the examinee, and increase his interest for the

test.

Chart Plotting Test

This is a new test in the field of aptitude measurement. It was designed

to be a measure of the ability to follow simple written instructions and the

extent of carefulness one applies in carrying them out. Success in a number

of technical occupations in which the individual relies on manuals and other

step-by-step instructions for the performance of his task is expected to depend

to a high degree on the combination of factors measured by this test. Con-

sideration has also been given to the possibility of obtaining, through this

test, some indication. of "the test-taking attitude" examinees assume at the

time of the testing. Some preliminary work with this test has pointed out

that students who take the testing seriously--that is, students whose "formula

score" adjusted for random guessing on some of the other tests is very close to

their "number right score"--tend to make higher scores on this test than those

students who operate at a chance level throughout the range of item difficulty--

that is, those students whose "formula score" is considerably lower than their

"number right score," and who fail as many difficult items as easy ones.

The task, in this test, is to start a hypothetical trip from a specified

point of departure within an outlined square of a grid, and, after following

simple successive directions, to indicate the point of arrival by reference

to the perpendicular axis of the grid. A sample item follows.

13



DIRECTION
FINDER 1.

A

E

Answer: 6-10.

CHART (Sample)

11

12

13

14

8

9

O
. 10

11

13

141

1 2 3 4 5 6 7 1 2 3 4 5 6 7 1

Start at 7-8

Use Direction Finder 1

Move 2 spaces toward G

Move 4 spaces toward D

Move 4 spaces toward C

Move 2 spaces toward A

The test--a semi-verbal one has a total of twelve items (maximum score:

24), and it takes thirty-two minutes to administer.

Game Playing Test

This also is a new test in the field of mental measurement. It was de-

signed to be a measure of the degree of foresight and planning one employs in

arriving at a specified objective. This test is expected to tap the factors

underlying the concept of "planning ahead." In the field of automotive mechan-

ics, as well as in other technical fields, individuals who take time to plan

ahead, and take precautions for any foreseeable problems, are considered by

service managers to be better mechanics than those who do not. Their respec-

tive pay-checks reflected these traits (from Job Analyses). If the test does

indeed turn out to measure some of these factors, it will be considered as a

significant contribution in the field of psychological measurement.
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This test is also nonverbal) except for the somewhat lengthy directions.

The subject is asked to select from among four alternatives the move which is

critical in allowing him to win a game in spite of the greater versatility of

moves available to his opponent. The chips are arranged on the grid in such

a way that the subject--having the squared chips--always has a chance to win

if he makes the correct move. A sample item follows.

S U

To win this game:

A

Which straight Which is your

line must you first move?

make?

(a) G-L-P

(b) I-M-R

(c)

(d) G-H-I+

(a) from H to e

(b) from P to L

(c) from I to M

(d) from H to G

C

How many

moves are

required?

(a) two

(b) four+

(c) five

(d) six

The object of this game is to complete a straight line (three letters in

a row) with the fewest moves and before the opponent does following all the

rules of the game: one move at a time; must move when the turn comes; chips

move only along straight lines; no skipping of unoccupied (letter) stations,

nor jumping over occupied ones. For each figure, the subject must indicate

on his answer sheet the straight line, the first move, and the number of moves

included in his completed strategy.

The test has eleven figures with a total of thirty-three items, and it

takes thirty-five minutes to administer. (A figure is a game lay-out.)

One of the unusual characteristics of this test is the motivational proper-

ties it possesses. Once they start, students become intensively involved in

the task--an involvement reminiscent of programmed instruction.

Survey Of Object Visualization

This is a relatively *unknown test published by the California Test

Bureau.* It was added to the battery as a supplement for use in the area of

spatial relations which is involved in a wide variety of technical, mechanical,

drafting, and engineering occupations. It was decided to incorporate this

already developed test instead of developing our own along the same tradi-

tionally popular lines.

*Miller) D. R. Survey of Object Visualization, Monterey, California: California

Test Bureau, 1955.
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The test was designed to measure the ability to visualize the manipulation

of figures in space. The subject is asked to select among four alternatives,

the three-dimensional object that will be made out of a two-dimensional un-

folded design. A sample item follows.

A+

VA 3
The test has a total of forty-four items and it takes twenty-eight minutes

to administer.

Biographical Information Blank

This is an inventory of items of biographical nature concerning the in-

dividual and his family. Some of these deal with the experience the person

has had, others with his past and present interests, and still others with

hig educational-vocational plans. The individual checks those items that are

characteristic of himself 04, p. 2).

The usefulness of biographical information for the prediction of voca-

tional choices was briefly described in the previous chapter, in connection

with the Connecticut Vocational Schools study and the job analyses (p. 5),

and it is extensively discussed in the literature (94, 104).

The blank contains a large number of groups of related items, and it has

no set time limit for its administration, but usually requires about one-half

hour to complete.
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III. ADMINISTRATION AND SCORING

GENERAL STATEMENT

A number of administrators throughout the nation, the extent of whose

previous testing experience encompassed a wide range from none to considerable,

have administered the tests in the battery with a minimum of difficulty. This

fact alone attests to the probability that competent professionals, counselors,

and teachers, who become thoroughly acquainted with the details of its adminis-

tration, can give and score the National Aptitude Survey. Preview of this

section as well as intermittent rereadings, are necessary, however, for the

attainment of this objective.

THE MATERIALS NEEDED FOR THE TEST

Test Booklets

The seven tests that constitute the National Aptitude Survey appear in

six separate booklets. These booklets bear the titles:

Reasoning Test

Vocabulary Test: General (odd items) Automotive (even items)

Game Playing Test

Chart Plotting Test

Survey of Object Visualization (California Test Bureau)

Biographical Information Blank (BIB)

Five of the six booklets are reusable any number of times. The students are

not to make marks in the booklets and should receive instruction's to this

effect. In a majority of cases, under conditions of proper administration,

students will follow instructions. It is possible that in a few instances

some testees, for a variety of reasons, may mark in a test booklet itself,

rather than on the answer sheet. Therefore, it is recommended that, a short

time after the completion of the test program, an official scrutinize each

booklet for markings, and erase those detected. If such a precaution fails,

it is best to replace the damaged booklet with a new one.

The sixth booklet, the BIB, is not reusable. Testees mark their answers

in the space provided.

Answers Sheet

Administration of the complete battery requires two answer sheets, each

of which can be scored by hand or by an IBM test scoring machine. The Survey
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of Object Visualization uses an answer sheet available from the publisher,

and the remaining set of tests requires an IBM answer sheet developed for the

original administration of the battery. One side of this sheet has sufficient

answer categories to satisfy the requirements of the Vocabulary and Reasoning

tests; on its reverse side are the answer blanks for the other two tests.

Scoring Keys

Two scoring keys recommended for use with the test battery are the Number

Right score and the Formula Score, There are hand-scoring stencils available

which fit the IBM answer sheets. The Survey of Object Visualization requires

a separate stencil.

Those answer sheets to be scored by IBM machine will require a machine-

scoring stencil. The California Test Bureau will machine score answer sheets

for the Survey of Object Visualization.

Suggestions For Scheduling Testing Programs

Administration of the test battery requires at most two hours and forty-

five minutes. This time allotment includes a brief relaxation period after

the second test, another after the fourth test, and another after the fifth.

It also includes the brief period of time required to distribute the test book-

lets for each test.

GENERAL CONSIDERATIONS FOR ADMINISTRATION

Timing

The development of the test battery required the determination of the

approximate time necessary to obtain meaningful scores on the test. Admin-

istrators of the test battery should adhere closely to these established time

periods. At least one of the following devices is necessary: a stop watch or

a wall clock with a sweep-second hand.

Preparing Materials

A common procedure is to distribute each booklet at the right of a class

and have it passed to the left after use. Prior assemblage of the correct

number of booklets and answer sheets should minimize difficulty in distribution.

The first four tests together require but one answer sheet.
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Other needed materials include extra copies cf the test booklet, a supply

of sharpened pencils (the class size plus fifteen percent), and extra answer

sheets.

STEPS IN ADMINISTERING THE TESTS

Step 1. Introduction

The National A titude Survey is important for those ninth-grade students

who are to enter the world of work immediately after graduation from high school.

The examiner should introduce himself, then stress the personal value the test

can have for most students in terms of kinds of jobs they might enjoy and be

successful in. As the directions for each test are quite clear, there is little

need to state more than a few simple words as to what the test is about.

Step 2. Pencils and Seating

Explain the procedure to follow: Should a student need a different pen-

cil, he need merely raise his hand and the proctor will bring another one.

Ensure that the students have an adequate surface on which to write. A

table is preferable to a tablet-arm chair; however the latter will serve ade-

quately in most instances. The room arrangement should be such that there is

ample space between the testees.

Step 3. Answer Sheets

After the distribution of the IBM answer sheet, the administrator should

show the group, or dictate, the information that should be cn the answer sheet.

In some cases it will be necessary to explain the use of the IBM sheets. One

might say,

"In the tests which are to follow, the questions appear in special

booklets. (Show a test booklet.) You are not to write in the book-

let but are to mark your answers on the answer sheet that you have

received. You are to indicate a choice of answer with a hea'vy

black mark in the space that corresponds to your choice, like this.

(Demonstrate at the board how to mark an answer on a sheet.) Make

your marks black; fill the space between the two lines; erase any

marks other than your answers."

Also announce: "Do not open these booklets until I tell you to do so."

Check to see that after each distribution of booklets the students follow this

instruction.
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Step 4. Reading Directions

The test booklets contain the directions for each test. (Note: The

directions for the Survey of Object Visualization appear on page 8 of the

manual that accompanies that test.) The examiner is to read these aloud as

the students read them silently. Additional instructions which do not appear

in the test booklets are to be read aloud distinctly.

Step 5. Timing

Appropriate time limits for the tests appear below. The column headed

Testing Time lists the recommended time for administration of each specific

test. The minutes allocated for Instructions are suggested amounts and may

vary with the circumstances. Excess expenditure of time on the Instructions

may lengthen the period of time required for administration of the entire

battery and cause scheduling conflicts.

TABLE 2

TIME LIMITS FOR ADMINISTRATION OF NATIONAL APTITUDE SURVEY

Time Limits

Tests

1. Reasoning Test

2. Vocabulary Test

3. Game Playing Test

4. Chart Plotting Test

5. Survey of Object Visualization

(California Test Bureau)

6. Biographical Information Blank

Instructions Testing Total

Time

3 min. 15 min. 23 min.

3 min. 20 min. 23 min.

15 min. 20 min. 35 min.

17 min. 15 min. 32 min.

3 min. 25 min. 28 mir

(no time limit)

Step 6. Collecting Materials

After the Vocabulary, Reasoning, and Game-Playia tests, collect the book-

lets but not the answer sheet. At the conclusion of the Chart-Plotting test

collect both the booklet and the answer sheet. Do the same after administra-

tion of the Survey of Object Visualization. Collect the Biographical Infor-

mation Blank after 90% or more of the students have completed it.

The procedure employed during the development of the battery was to have

each student pass his booklet to the left to be collected by the last individual

in the row farthest to the left. Consistency in whatever method used is

desirable.
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It is advisable after the session for the person-in-charge to have a log

prepared. This log could contain such information as size and identification

of group tested, the room, date, proctors, deviations from regular procedures

(e.g., only certain tests given), and names of those tested whose scores may

require special attention.
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IV. NORMS AND PROFILES

GENERAL STATEMENT

The National Aptitude Survey underwent rigorous standardization in two
common meanings of the term: a prior phase, usually designated as the period
of "experimental control," encompassed the development of the procedures out-
lined more fully in the previous chapters; during the phase that followed the
administration of the test nationally, occurred the compilation of norms for
the battery. Such norms can serve to locate a particular score by relating it
to the scores of the thousands of other students who have also taken the same
tests. Included in this booklet are frequency distributions for the raw scores
(Tables 3 and 4), as well as percentile tables that constitute the norms for
each test, based on samples of approximately equivalent size (Figures ,1 and 2).

READING THE SCORE-DISTRIBUTION TABLES

The frequency distribution of the scores obtained by the actual partici-
pants on each of the tests appears in summary form in Tables 3 and 4. To de-
termine how many participants obtained a certain score on a particular test,
the reader should look at the table appropriate for the sample (Table 3 lists
scores for the probability sample and Table 4 lists scores for the non- proba-
bility): At the bottom of the table is the key that gives the column number
for any one of the tests. This key also provides the number of participants
whose scores appear under that column heading. In the left- and right-hand
marginal columns appear the raw scores. One finds in either column the raw
score that interests him, then moves across the table to the entry under the
proper column heading, e.g., 278 participants out of 6642 obtained a raw
score ofallgliwatbe Survey of Object Visualization (column 6).

READING THE NORM TABLES

The National Aptitude Survey provides norms expressed as percentile ranks
to facilitate the interpretation of scores on the test. There are two sets
of norms, each based on a different sample population. One set (Figure 1) de-
rives from the larger of the two, the probability sample; the other (Figure 2)
from the substantially smaller non-probability sample.

The percentile ranks appear in two modes. In the first (Figure 1), the per-
centile ranks are located in the first and last columns and the raw scores fall
under the column headings which designate the relevant test; in the second in-
stance (Figure 2), the range of raw scores borders the left-hand column of the
sheet, and the percentile ranks fall within the corresponding test columns.

The use of either figure requires knowledge of an individual's score on a
particular test. To use Figure 1, the interpreter locates the raw score in the
column labelled with the name of the test on which the score was obtained. The
percentile rank which borders the extreme columns on either side, on a horizon-
tal line with the raw score, is the rank sought. This numerical figure states
what percentage of the norm group attained a score equal to the raw score which
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TABLE 3

FREQUENCY DISTRIBUTION OF RAW SCORES ON TESTS OF THE

NATIONAL APTITUDE SURVEY (PROBABILITY SAMPLE)

Raw

Score
1 2 3 4 5 6

Raw

Score

44 0 44

43 43

42 1 42

41 11 41

4o 19 4o

39 21 39
38 12 38

37 29 37
36 45 36

35 58 35
34 13 34

33 it 73 33
32 9 8o 32'

31 15 106 31

3o 4o 269 3 26 29 3o

29
26
27
26

93
157
233

287

44o
461
44o

305

22

38

57
94

39
63

94

123

no
143

149

39

29

28
27
26

25 310 360 l06 15o 178 25

24 344 371 141 984 205 152 24

23 361 354 154 695 195 193 23

22 361 325 173 662 266 28 22

21 385 277 219 48o 310 187 21

20 385 257 256 407 356 228 20

19 366 263 304 328 411 197 19

18 409 216 335 352 425 42 18

17 379 233 353 273 459 238 17

16 354 202 386 272 429 230 16

15 365 193 425 191 450 278 15

.%2 160 398 206 442 45 14

13 307 167 474 167 408 273 13

12 290 155 495 166 367 269 12

11 235 164 416 109 325 253 11

10 186 166 411 133 274 4o 10

9 153 143 343 110 222 250 9

8 120 145 318 125 183 273 8

7 88 148 246 110 153 316 7

6 43 111 185 138 111 52 6

5 28 75 120 139 62 281 5

20 72 104 162 31 293

3 3 52 54 134 21 277 3

2 2 27 24 125 10 48 2

1 1 11 11 83 11 248 1

0 1 7 it 46 5 831 0

Key to Table 3

Col.
No.

Name of Test
Col.

No.
Name of Test

1 Reasoning 6668 Chart Plotting 6617

2 Vocabulary: General 6669 5 Game Playing 6654

3 Vocabulary; Automotive 6669 6 Survey of Object

Visualization 6642
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TABLE 4

FREQUENCY DISTRIBUTION OF RAW SCORES ON TESTS OF THE

NATIONAL APTITUDE SURVEY (NON-PROBABILITY SAMPLE)

Raw

Score
1 2 3 4 5 6

Raw

Score

44 0 44

43 0 43

42 0 42

41 0 41

40 2 40

39 6 39

38 3 38

37 4 37

36 11 36

35 7 35

34 1 34

33 o 8 33

32 1 17 32

31 o 14 31

3o
29

4

9

11
43

6

15

0
4

1

14
30
29

28
27
26

8
25

28

4o
45

49

28
46

45

7
11

14

23
21

5

28
27
26

25 4o 51 55 8 28 25

24 42 52 42 124 21 23 24

23 35 4o 42 86 25 24 23

22 48 41 48 98 38 7 22

21 41 39 41 65 26 21 21

20 53 35 38 7o 32 38 20

19 44 3o 35 4o 48 26 19

18 39 23 41 42 51 9 18

17 44 37 4o 29 47 38 17

16 45 20 27 33 47 22 16

15 50 18 26 19 55 18 15

14 40 21 29 12 52 6 14

13 26 21 26 12 54 23 13

12 26 19 21 11 31 25 12

11 27 11 21 10 33 30 11

10 17 18 18 7 34 4 10

9 17 12 14 7 29 20 9

8 11 17 13 3 24 3o 8

7 8 12 8 7 12 19 7

6 8 10 10 10 11 4 6

5 6 lo 4 10 8 27 5

4 1 7 1 11 3 21 4

3 1 3 1 9 1 21 3

2 1 4 1 10 3 4 2

1 o 3 0 5 1 23 1

0 o 1 0 2 0 65 0

Key to Table 4

Col.

No.
Name of Test

Col.

No.
Name of Test

1 Reasoning 744 4 Chart Plotting 732

2 Vocabulary: General 743 5 Game Playing 731

3 Vocabulary: Automotive 742 6 Survey of Object

Visualization 713
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is of concern. To use Figure 2, the procedure is reversed. One seeks the raw

score in the leftmost column, and, on a horizontal line with it under the per-

tinent test heading, locates the percentile rank in question, and repeats this

procedure as many times as there are scores. The final step, in the case of

more than one score for a person, is to encircle the raw scores or percentile

ranks, and then to connect them by means of straight lines. Figure 3 repre-

sents a hypothetical test profile based on several scores.

During the interpretation of the profile) the question may arise as to how

large a difference between two scores is statistically significant. The place-

ment of raw scores or percentile ranks in the figures permits no direct com-

parison for this purpose.* A form of metric conversion, although helpful, is

not available at this time. In general, high scores on one test are superior

to low scores on others; for those scores whose differences are not extreme,

other background information should contribute to the judgment.

The order of the columns themselves has no significance. Their positions

relative to one another imply no rank order of importance in either direction.

The juxtaposition of any two columns is a matter of administrative convenience

alone; any other order would have served the purpose equally well.

INTERCORRELATIONS OF THE TESTS

A usual practice in the construction of a test battery is to include only

those tests which have little correlation one with another. The rationale for

it is this: If one test correlates highly with another in the same battery,

then it can substitute for the latter. Mutually interchangeable tests duplicate

but contribute little else to the variance to be explained. The National

Aptitude Survey tests avoid duplication wherever it is possible, and its compo-

nent tests intercorrelate from .45 to .14. Ideally those tests that constitute

the final battery should correlate with each other not at all; in practice the

ideal is rare, and the subjective decision as to what is acceptable serves to

satisfy this requirement.

In Table 5 appear the intercorrelations of all the tests. Kaltsounis has

provided the data in his doctoral dissertation. He selected (from the entire

probability sample) a sample of (W = 1032) individuals in order to make a con-

centrated study of the relationship between the student's scores on the Survey

tests and their performance in high school vocational education courses. One

of his twelve validational sub-groups had taken for credit a course entitled

Auto Shop. Table 5 presents as well for comparison the intercorrelations of

the tests for this smaller group.

*The Differential Aptitude Test Battery has a convenient method for locating

significant differences. The vertical differences between scores that measure

more,than one inch can with assurance be considered statistically significant.
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TABLE 5

INTERCORRELATIONS OF ALL TESTS OF THE NATIONAL APTITUDE SURVEY

FOR THE ENTIRE STUDY SAMPLE (N = 1032)

AND THE AUTO SHOP GROUP (N = 31) (KALTSOUNIS' STUDY).

Test

1. Reasoning

2. Gen. Vocab.

3. Auto. Vocab.

4. Chart Plot.

5. Game Playing

6. S. Obj. Vis.

N 1032

N 31

N 1032

N 31

Mean

S.D.

Sample 1 2 3 4 5 6

St. Sample - .33 .14 .32 .33 .43

Auto Shop - .18 .18 .29 .35 .48

St. Sample .38 .39 .35 .31

Auto Shop .43 .30 .41 -.11

St. Sample

Auto Shop

St. Sample

Auto Shop

St. Sample

Auto Shop

St. Sample

Auto Shop

St. Sample

Auto Shop

.22 .15 .28

.19 .38 .03

45 .39

.37 .20

.4o

.35

N M.

18.75 20.36 14.65 17,25 16.24 20.85

15.74 18.13 13.94 15.03 13.71 18.61

St. Sample 5.62 7.17 5.67 6.73 5.51 7.68

Auto Shop 5.05 7.15 6.91 7.56 4.14 6.68
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V. RELIABILITY

GENERAL STATEMENT

The constancy of a test over time is one of its most important charac-

teristics. This consistent aspect, known as its reliability, is the extent

to which a set of measurements is free from random-error variance. It is

meaningful in that it provides an estimate of the importance of its systematic

variance in relation to its entire variance (51).

The problem that faces most test builders is to maintain a balance between

the reliability of a test and the limits for its administration. The National

Aptitude Survey features satisfactory coefficients of reliability for nearly

all of its tests, yet meets the requirements of length necessitated by the

school's schedule of classes.

TYPES OF RELIABILITY COEFFICIENTS USED

The tests of the National Aptitude Survey are of the power type, as at

least ninety percent of the participants were able to complete them. One es-

timate of reliability that appears to meet the requirements of a power test is

the Kuder-Richardson Formula 21. Each test has its own reliability correlation

coefficient (Table 6).

TABLE 6

ESTIMATED RELIABILITIES AND STANDARD ERRORS OF MEASUREMENT

FOR THE NATIONAL APTITUDE SURVEY (PROBABILITY SAMPLE)

Test

Reasoning Test .81 2.5

General Vocabulary Test .91 2.3

Automotive Vocabulary Test .79 2.5

Game Playing Test .76 2.8

Chart Plotting Test .93 1.8

Survey of Object Visualization: a

Raw Score

a. Expected to be approximately .83 b. Expected to be approximately 4.1

For comparative purposes, a further analysis of the reliability of the

tests appear in Table 7. These data came from Kaltsounis' dissertational

study.
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FORMULAS USED:

(a) Estimate of Reliability (r):

Kuder-Richardson, Formula 21

(Guilford, J.P.) Fundamental

Statistics in Psychology and

Education. New York, McGraw

Hill, 1956. 3rd edition, p.455

(17.19).)

In which

rtt
(n - 1) a2t

na
2
t - M(n - M)

rtt = reliability estimate

n = number of items in test
alt = variance of the test

M = mean

(b) Standard Error of Measurement

(S.E.M.): Ibid., p.441 (17.8).

atm = at iti---77,.tt

In which

rtt = reliability estimate

Lt. = standard error of

measurement

at = standard deviation

of the obtained scores

,10)'

An alternate method of :',nterpreting a test's reliability is to make use of

the standard error of measurement. This statistic indicates a pair of limits,

one on either side of the obtained score. It is possible, then, to deduce with

a specified degree of confidence, an interval that is sure to include the true

score, or the obtained score less any random errors. Table 6 lists the standard

errors of measurement that locate the points of the bracket around an obtained

score.



VI. VALIDITY

GENERAL STATEMENT

The National Aptitude Survey research staff has concentrated on obtaining

three kinds of validity estimates for the tests: face, concurrent, and predic-

tive. The construction of the tests relied on job descriptions and previous

research. Kaltsounis in his dissertation (63) predicted course grades for a

group of students (N = 31) enrolled in Auto Shop from knowledge of their Survey

scores. This chapter is an account of the procedures followed to determine the

long-term predictive validity of the tests. It answers the question: Was it

possible to discriminate potential automotive repairmen for a three-year peri-

od immediately following high school graduation from among other male students

at the ninth or tenth grade level by means of the test scores?

VALIDATIONAL SAMPLE

The total sample of individuals numbers 7625. An appropriate represen-

tative sample of non-automotive repairmen (NAR) was obtained from this total

to serve as a cross-validational group for the final analysis, and to deter-

mine which tests and/or inventory items should be used to specify the predic-

tive validity of the Survey. A sample one-seventh the size of the total sample

was considered appropriate to meet these needs.

The selection of the NAR representative sample (SUBSAM) proceeded in the

following manner:

(a) Since each participant had received an identification number which

indicated his school and number within the school, his number could

occupy a rank in an ordinal sequence;

(b) one could select by means of a table of random numbers the starting

number among the first seven; and

(c) those participants that occupied a position in the ordinal sequence

that was a multiple or seven away from the first man would appear in

the sample.

This method produced a sample of 1084 participants for the NAR represen-

tative sample.

The sample of automotive repairmen (MECSAM) consisted of those partici-

pants who had replied, in answer to th.,.! questionnaire for the third follow-up,
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that they were working, or had worked, as mechanics.* As a check on their state-

ments, they also provided a description of the work they performed. The cler-

ical staff checked these descriptions and eliminated all mechanics not in the

automotive repair field as described in the bibliographical reference 3. Al-

though the third follow-up had contacted only eighty percent (80%) of the par-

ticipants, it was still possible to refer to the second follow-up for infor-

mation about an additional seventeen percent (17%) (17 of the 20% not contac-

ted on the third follow-up), thus providing information on ninety-seven percent

(97%) of the participants.

A comparison of the sample lists for MECSAM and SUBSAM disclosed that the

random method of selection had resulted in the inclusion of forty-eight (48)

automotive repairmen in SUBSAM. These forty-eight men were replaced with other

non-automotive repairmen from the remaining population. One researcher chose

at random a name from the middle of the list and selected every seventh name

to identify the forty-eight substitutions. The procedure continued until

SUBSAM contained no known automotive repairmen, and MECSAM all known repair-

men.

A tabulation of scores for each test revealed that some (N = 84) lacked

partial scores. None of the scores of these participants appeared in the anal-

yses that followed. Table 8 summarized the adjustments in size of the respective

samples.

TABLE 8

DISTRIBUTION OF PARTICIPANTS INTO RELEVANT SUBSAMPLES

Category

Non-Automotive Repairmen (NAR)

Auto Representative Remaining

Repairmen Sample Population

(SUBSAM) (NAR)-(SUBSAP)

Total

Total Sample

Population (a) 387 1084 6154 7625

N

Incomplete

Score N (b) 11 25 148 184

Adjusted N (1) 376 1059 6006 7441

*See page 9, Longitudinal Aspects of the Sample.
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To test the assumption that SUBSAM (N = 1059) was representative of the

entire population of NAR (N = 7065), Perkuchin applied a stepwise linear re-

gression analysis* to learn whether the test scores would in fact discriminate

the SUBSAM group from the remaining NAR group. The assumption of sample repre-

sentativeness appeared tenable: the correlation between a man's group member-

ship and his best score was .02 and the multiple linear correlation coefficient

between group membership and the six scores was .04.

ANALYSIS OF TEST SCORES OF THE VALIDATIONAL SAMPLES

For each participant there were four hundred six (406) measured variables.

The greater number (N=400) of the variables consisted of inventory items. A

comparison, MECSAM vs. SUBSAM, of the frequency distribution of responses for

each item showed that fifty-two (52) discriminated to some degree between the

groups.

The refined list of variables now included the six (6) tests and fifty-two

(52) inventory items, for a total of fifty-eight (58). A second regression an-

alysis, applied to the fifty-eight (58) variables, designated two test scores

and six inventory items as contributing most in maximizing the discrimination

between members of MECSAM and SUBSAM. The size of the samples (MECSAM and

SUBSAM) used in this analysis was six-sevenths of the stated size; the remain-

ing seventh served as the cross-validational group. Selection of the fractional

parts of the two samples was by the method outlined earlier (p. 35). The actual

size of the groups were respectively 322 and 907 for the larger fraction, and

54 and 152 for the smaller. Table 9 lists the order in which the eight variables

appeared in the regression analysis. It also furnishes the multiple linear

correlation coefficients and the coefficients of determination for each of the

eight steps.

Only eight variables appear in this table because the contribution of the

ninth variable, as well as the forty-three (43) that remained, was insignificant'

relative to the contribution of the first eight. The last coefficient of mul-

tiple determination (hereafter referred to as the coefficient of determination)

in that table, i.e., .197, indicates the proportion of variance in the respec-

tive participants' occupations that is dependent upon, associated with, or

predicted by the eight variables combined with the regression weights used.

For this regression analysis a participant's occupation falls into one of two

categories: he is (MECSAM) or he is not (SUBSAM) an automotive repairman.

Whatever it is that the two test sores and the six inventory items in weighted

combination measure, in this analysis it accounts for 19.7% of the variance in

the respective participants' occupations. They do not account for the remaining

80.3% of the variance.

*Linear Stepwise Regression Analysis Program, The University of Michigan Com-

puting Center, 1967.
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In the determination of the representativeness of SUBSAM, a comparison

with the remaining NAR in regard to inventory items was left pending, since one

reason for taking a subsample was to defer coding several thousand lengthy in-

ventories. The regression analysis indicated that only six items had value.

Also no one inventory item accounted for more than 10.8% of the variance in

participants' occupations and no two accounted for more than 14.5% of the vai-

ance. If the inventory items had accounted for more variance, then they would

have replaced the two tests in the first two steps of the regression analysis.

The researchers sought to determine if their value was such as to be worth the

additional coding. The decision was to use a graphic visual comparison in

order to perceive what their inclusion was worth.

The decision whether to retain or eliminate the six items depended on a

consideration of their effect on prediction. If their inclusion did not pro-

duce an estimate of the chances a boy has of becoming an automotive repairman

significantly different from an estimate made with them excluded, there would

be little reason to perform the extra calculations, for the two test scores

alone would be as useful.

Perkuchin used percentile rank order information* to compare both estimates;

one estimate was derived from all eight variables and, the other derived from

the two tests alone. He proceeded thus:

(a) he computed a composite score** for MECSAM (N=322) and for SUBSAM

(N=907);

(b) the obtained composite score was rank ordered with the highest numer-

ical value placed in the first position;

(c) the rank order facilitated the division of scores into a percentile

rank order with fourteen percentile ranges of various sizes selected

(see col. 3, Table 10);

(d) he then computed the proportion of automotive repairmen within each

percentile range;

(e) he repeated the procedure for the cross-validational groups, MECSAM

(N=54) and SUBSAM (N=152).

For both conditions the proportions from the cross-validational sample were sim-

ilar to those obtained witA the larger groups.

*Percentile Range Analysis Program, Programmer Dan N. Perkuchin, July 1967.

**The composite score is the predicted score computed by the regression program

for the respective number of variables, eight or two. The program computes

a constant term and a coefficient for each variable to maximize the discrimi-

nation between both groups. To obtain a participant's composite score it is

necessary to multiply the test scores and the responses to the inventory items

by the proper coefficients (a, b, . . . n) and to add the results algebraically

to the constant term:

composite score = constant + a(automobile vocabulary score)

+b (general vocabulary score) +...+n(last inventory item)
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TABLE 10

PERCENTILE RANGE AND COMPOSITE SCORE BOUNDARIES, PROPORTIONS OF

AUTOMOTIVE REPAIRMEN, AND LIKELIHOOD ESTIMATES

OF BECOMING AN AUTOMOTIVE REPAIRMAN

Composite Score Range

Highest Score - Lowest Score

1.8465 - less than

1.8707 - less than

1.8855 - less than

1.9097 - 1.8856

1.9276 - 1.9098

1.9413 - 1.277
1.9529 - 1.9414

1.9645 - 1.953o

1.9761 - 1.9646

1.9877 - 1.9762

2.0025 - 1.9878

greater than - 2.0026

greater than - 2.0141

greater than - 2.0351

Proportions Chances of

Percentile of Becoming an

Range Automotive Automotive

Repairmen* Repairman**

0 to 100 322/6328 = .051 5/100

99 to 100 16/63 = .254 25/100

95 to 100 64/315 = .203 20/100

90 to 100 108/633 = .171 17/100

80 to 90 56/632 = .089 9/100

70 to 80 42/639 = .066 7/100

6o to 70 36/622 = .058 6/100

50 to 60 17/638 = .027 3/100

4o to 50 17/640 = .027 3/100

30 to 40 19/626 = .030 3/100

20 to 30 10/622 = .016 2/100

10 to 20 9/644 = .014 Om
0 to 10 8/632 = .013 1/100

0 to 5 3/316 = .009 1/100

0 to 1 1/64 = .016 2/100

*The proportion of automotive repairmen within a percentile range is also the

probability of a boy, whose composite score falls within that range, becoming

an automotive repairman within the three-year period after his expected class

graduation date.

**This column is a restatement of the adjacent column after rounding the deci-

mals to two places. Seventeen out of one hundred boys who have a composite

score less than or equal to 1.8855 are likely to be automotive repairmen with-

in a three-year period after their expected class graduation date.

Figure 4 shows the lines joining the percentages (proportions) of auto-

motive repairmen within each percentile range computed with eight and two

variables. Visual inspection reveals that the two lines do not differ

appreciably. Because of this, the research team elected to eliminate the

six items from the instruments needed to predict entraace into the field of

automotive repair.
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Having decided that the two test variables contributed the most in maxi-

mizing the discrimination between members of MECSAM and SUBSAM, another regres-

sion analysis was used to obtain the multiple linear correlation coefficient,

ccefficient of determination, and the regression weights on these two variables

for all the participants in the study. The appropriate groups for the analysis

were the MECSAM automotive repairmen (N = 322) and the remaining NAR population

(N = 6006); the remaining MECSAM members (N = 54) and SUBSAM (N = 1059) being

the cross-validational groups.

In this regression analysis, the automotive vocabulary test and the gen-

eral vocabulary combined, with their respective regression weights used, ac-

counted for only 4.0% of the variance in the study's participants' occupations

(322 MECSAM vs remaining NAR). The multiple correlation coefficient between

the participants' occupations and the two test scores was .200.

Because 96.0% of the variance in participants' occupations is not accounted

for by the variance that ex.-ts in the weighted combination of two test scores,

the question arises as to what possible advantage one gains by giving the tests

in the first place. The advantage lies in the information provided by the test

scores. Within the continental United States approximately five percent (387/

7625) of the male population, within three years after the date of expected

high school graduation in this study, is now working at, or has worked in,

some phase of automotive repair. With no knowledge whatsoever about a boy in

the ninth or tenth grade in school, one can predict that his chances of enter-

ing the occupation of automotive repairman within three years after high school

is one out of 20 (5/100). By means of a composite score computed from the auto-

motive and general vocabulary tests the determination of a boy's chances of be-

coming an automotive repairman is improved over an estimate from no knowledge

about the boy, even though these scores account for only 4.0% of the variance

in the participants' occupations, the probabilities varying with the computed

score. The likelihood estimate of a male ninth or tenth grade student becoming

an automotive repairman wit}iin three years of graduation varies in accordance

with the percentile range in which his score falls. Table 10 is a guide for

locating the appropriate likelihood estimate for a score.

The description of the procedure for obtaining the percentage of auto-

motive repairmen within a percentile range appears earlier in this chapter

(p. -59). The determination of the entries--composite score boundaries, per-

centile range, etc.--for use in Table 10 followed a similar procedure: use of

the stepwise linear regression program to maximize the difference between two

groups; division of the samples to be compared into validative (6/7) and cross-

validational (1/7) groups; and selection of sample members as before. The

groups to be discriminated were six-sevenths of the automotive repairmen and

the remaining NAR population. The regression equation provided by the pro-

gram served to calculate the composite scores. The nume-ical value for the

constant term
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Automotive
Composite General Vocabu-

= 2.0109259 - 0.008430.6 Vocabulary + 0.00315935
Score lacy Test Score

Test Score

and the two coefficients used appear in the equation. Perkuchin's computer pro-

gram rank-ordered the composite scores for the 6328 cases (i.c., MECSAM, N = 322

and the remaining NAR population, N = 6006) with the lowest scores ranked high-

est. From the computed percentile-rank order, composite-score boundaries for

each percentile range were established and the proportion of automotive repair-

men within each percentile range of all the men within that range was determined.

A visual comparison of the points that represent the percentage (propor-

tion) of automotive repairmen in each range is possible by inspection of

Figure 5. The points indicate the percentage of automotive repairmen ob-

tained from the two sets of composite scores, one set obtained from the vali-

dational sample and the other from the cross-validational. Their proximity

to one another emphasized by the curves w( I appear to sustain the belief that

the proportion of automotive mechanics obtLned from the larger group is rep-

resentative of the entire ninth and tenth grade male population within the

continental United States during 1960 and 1961.

SUMMARY

The validation population consisted of three groups: a group of automotive

repairmen (N = 376), a representative sample of non-automotive repairmen (N =

1059), and the remaining group of non-automotive repairmen (N = 6006.) Recom-

bined, they constitute the original representative sample of the ninth and

tenth grade male population in the continental United States during 1960 and

1961. A comparison by linear regression of the six test scores of the tie/6

large samples revealed no significant differences between them on that factor.

Therefore, in the subsequent analyses, the representative sample of non-auto-

motive repairmen served as a substitute for the entire population of non-auto-

motive repairmen.

In a comparison of the automotive repairmen with the representative sample,

the regression analysis disclosed that the best predictors among those variables

measured were the automotive and general vocabulary tests, and six biographical

inventory items. Together they accounted for about twenty percent of the var-

iance in participants' occupations. A comparison in predictions made by the

above eight variables and the two test variables only resulted in the elimina-

tion of the inventory items. The two tests provided the scores needed tc de-

termine the percentage of automobile repairmen within various percentile ranges.

This normative distribution lists the probability that a student with a partic-

ular score has of becoming an automotive repairman.

An additional product of the regression analysis was an equation to use

in the computation of a score. A cross-validation of the equation on two sub-

groups served as support for its validity.
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VII. USE OF THE VALIDATED TESTS

The staff recommends that the National Aptitude Survey in modified form

be made available to public high schools. This revised battery might use the

same format for the two best predictors as before: "a single booklet, under

one set of directions, with the items alternating from general (odd) to auto-

motive (even) vocabylary."* It might well include the six inventory items

(Appendix B) as an aid in developing a local interest inventory. Should the

guidance counselor prefer to use an inventory which does not make use of the

six items, he should feel free to do so, since they contribute a negligible

amount to prediction.

The steps required of a potential user of this guide to obtain a proba-

bility estimate of a boy being an automotive repairman three years after high

school graduation follows:

1. The Automotive and General Vocabulary tests are intended to be admin-

istered to boys in their ninth or tenth grade in school.

2. The obtained scores for the boys are then placed into the equation

for computing the composite score.

3. The composite score is then used to enter the proper row of Table 10.

4. Once the proper entry point has been determined the percentile range

in which the boy's composite score falls and his probability of being

an automotive repairman three years after graduation from high school

can be found by looking in the appropriate column of Table 10.

In illustration, let's assume a boy has an Automotive Vocabulary test

score of 15 and a General Vocabulary test score of 20. The composite score

equation would be: COMPOSITE SCORE = 2.0109259 - (0.00843046)(15) + (0.00315935)

(20). COMPOSITE SCORE = 1.94765600 or 1.9477.

This composite score is greater than 1.9413 but less than 1.9529. Thus,

1.9477 is contained in the percentile range 50-60. The boys probability of

being an automotive repairman three years after high school graduation is .027.

The results shown in Table 10 indicate that the boys who score below the

30 percentile are extremely unlikely to be automotive repairmen. On the other

hand, the boys who score above the 90 percentile have a much higher probability

of being a..a automotive repairman even though this probability is only .171.

*See Secton II for a complete description of these tests.
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One out of four boys above the 99 percentile becomes an automotive repairman.

The large contribution to the accounted-for variance made by the automo-

tive test, large in relation to the other predictor, would seem to indicate

that the student's interests are important. An interest inventory could supple-

ment the tests results when the latter identify individuals who might become

automotive repairmen. The automotive industry could devise means of making

careers in the field more attractive to high school youth, so as to attract and

sustain their interest. When an assembly-line worker with little +raining

can earn more than the average mechanic in a shop with training, the qualities

that for many individuals makes being a mechanic attractive--relative freedom

and independence, self-reliance, self- esteem may not offset the more immediate

financial reward as an inducement to the younger man. The stories told of the

very high earnings of some mechanics obscure the fact that, if a mechanic is

sick and cannot work, he does not earn.

An industry effort to upgrade the field of automotive repair and to mitigate

its disadvantages as a career field could capitalize on an interest shown by

ninth and tenth grade boys and induce them to select it as an occupational goal.

Such an effort or industry could make the work of the school guidance counse-

lor much easier, and eventually narrow the gap between production, maintenance,

and consumer satisfaction.
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VIII. SUMMARY AND RECOMMENDATIONS

During the .ecade of development that the Survey entailed, it passed

through a sequence of stages each dominated by specific concerns. Within the

initial period the test battery assumed it* present form; most of the second

period was devoted to preparing for the administration of the Survey nationally,

and for the management of its actual administration; the third was a period of

keeping abreast of the whereabouts of the participants; whereas the final stage

included validating the battery and compiling the report.

From the outset, the basic task was the construction of an instrument that

would identify potential automotive repairmen among high school youth at the

ninth or tenth grade level. The tests in use at that time had limitations which

the investigators preferred to avoid. One of the authors of this report prepared

a set of job descriptions which he analyzed, while others surveyed the research

literature, in both instances to determine what the test should measure. There

proved to be a variety of factors that characterized the occupational behavior

of employed automotive repairmen. The belief that one could measure these fac-

tors by means of objective procedures led to the construction of a battery of

paper and pencil tests designed to measure the factors previously identified.

This battery in its administered form consisted of an automotive and general

vocabulary test; a reasoning test, a game-playing test; a chart-plotting test

and a survey of object visualization test, all but the last of which the mem-

bers of the research team constructed. The complete Survey also included a

biographical inventory to measure the socio-economic and attitudinal factors

believed to be related to entry into the trade of automotive repair. The

tests consisted of items that were representative of the range of a special

index of difficulty, and that also correlated biserially with the total scores.

The reliabilities and intercorrelations that the test provided after a series

of trial administrations suggested that the tests were appropriate for the task.

This report contains a complete description of each test and the inventory.

Subsequently the staff made the requisite arrangements for administering

the National Aptitude Survey tests to a randomly-selected, representative,

national sample of ninth and tenth grade students in public high schools within

the continental United States. The target population numbered ten thousand

students. The strict requirements of the method of sample selection imposed

limitations on the obtained size: some schools were unable to schedule the tests

at all, while others declined to cooperate. In addition there were schools that

had to defer the test period until the following semester. Salaried supervisors

administered the tests under specified conditions. Each completed test booklet,

upon receipt at the Survey office, received an identification number. A program

especially prepared for The University of Michigan's computer converted the
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raw data into test scores. A short period of time after completion of the test-

ing, there was in storage a data card for each participant, which contained the

test scores obtained by two methods of calculation. A tabulation of the data

indicated that more than seven thousand male high school students in grades nine

and ten had responded to the tests in the battery, (N=7265) and that there were

complete scores for more than ninety-eight percent of these. A doctoral dis-

sertation completed during this period reported reliability coefficients and

test intercorrelations based on a representative sample of more than one thou-

sand cases that are similar to those obtained in the pilot studies.

The intent to determine the predictive validity of the test battery made

necessary a waiting period of six years until the participants could have

accumulated sufficient post-high school experience. The emphasis in this period

was mainly clerical. The problem of maintaining contact with more than seven

thousand participants within the continental limits of the United States re-

stricted the attention of the research team to meeting its challenge. There

were three follow-ups during this period, each of which required a large num-

ber of mailings to the participants to keep their information on file current.

So long as the majority of the sanr- population remained in high school the

percentage of returned questionnaires hovered close to ninety-seven percent.

After graduation returns diminished to approximately eighty percent.

The final stage of the research encompassed the identification of those

participants who had actually become automotive repairmen and the determina-

tion of the battery's predictive validity. The research analyst formed two

groups, one of which contained the scores of the automotive repairmen, and the

other, the scores for one out of every seven men that remained. The test scores

of this latter sample did not differ significantly from the scores of the re-

maining non-automotive repairmen population. The expectation was that certain

scores obtained by automotive repairmen would differ significantly from those

scores included in the representative sample. A stepwise linear regression

program compared both sets of scores and indicated the relative contribution

of the six test scores as well as every inventory item. The point at which

the contribution of each factor relative to the others,became negligible was

the cuttirg point for the specification of the factors worthy of consideration.

The multiple correlation coefficient at this point was .444 and the corres-

ponding coefficient of multiple determination was .197. Two tests, the auto-

motive and the general vocabulary and six biographical inventory items, were

the best predictors. The two tests accounted for 14.5 percent of the variance

in the respective participants' occupations. Through the use of the two test

scores alone it was possible to develop a guide for potential users. The guide

consists of a distribution of the percentages of automotive repairmen and others

according to percentile ranges. It provides a means of estimating a ninth or

tenth grade boy's chances of becoming an automotive repairman within three

years after his expected graduation. This analysis also generated an equation,

subsequently cross-validated, to use in computing the required score for de-

termining a boy's chances.
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APPENDIX A

NATIONAL APTITUDE TEST SCORES AS PREDICTORS OF ACHIEVEMENT IN

HIGH SCHOOL VOCATIONAL EDUCATION COURSES

(Kaltsounis' Study)



TABLE 11

PREDICTORS AND CRITERIA (Kaltsounis' Study)

PREDICTORS

"Number Right Score"

1. Reasoning

2. General Vocabulary

3. Auto Vocabulary

4. Chart Plotting

5. Game Playing

6. Survey Obj. Visualization

"Formula Score"

7. Reasoning

8. General Vocabulary

9. Auto Vocabulary

10. Chart Plotting

11. Game Playing

12. Survey Obj. Visualization
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CRITERIA

I. Arts and Crafts

II. Electricity

III. Machine Shop

IV. Metals

V. Auto Shop

VI. Wood Shop

VII. Drafting

VIII. Industrial Arts

IX. Bookkeeping

X. Business Math

XI. General Business

XII. Typing
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APPENDIX B

BIOGRAPHICAL INVENTORY ITEMS SELECTED BY THE REGRESSION PROGRAM



Item

Biographical Inventory Items Selected by The Regression Program

Item Inventor Location

A Which statement do you agree with?
MONZA WOMEN= 4111111.MIN

p. 12, 10

Ans. I think I would like the work of a garage

mechanic.

B What do you like to read most in magazines?

Ans. Sports

Which would you rather do?

Ans. Get a job when you finish high school

D What do you use your own mongsr for?

Ans. Buying tools

E Rank order the kobs ya would like best.

Ans. Machinist

P- 5, I

p. 111 5

P- 5, 3

p. 5, unnumbered

F What kind of books do yal, like to read most? p. 5, 1641 .1IP
Ans. Lives of famous people
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